The un steady flow of a vis cous in com press ible flow past an in fi nite iso ther mal ver tical os cil lat ing plate, in the pres ence of ther mal ra di a tion and ho mo ge neous chem ical re ac tion of first or der has been stud ied. The fluid con sid ered here is a gray, absorb ing-emit ting ra di a tion but a non
In tro duc tion
Ther mal ra di a tion ef fects on heat and mass trans fer play an im por tant role in man u factur ing in dus tries for the de sign of fins, steel roll ing, nu clear power plants, gas tur bines, and var ious pro pul sion de vice for air craft, mis siles, sat el lites, and space ve hi cles are ex am ples of such en gi neer ing ap pli ca tions. If the tem per a ture of the sur round ing fluid is rather high, ra di a tion effects play an im por tant role and this sit u a tion does ex ist in space tech nol ogy. Eng land et al. [1] have stud ied the ther mal ra di a tion ef fects of a op ti cally thin gray gas bounded by a sta tion ary ver ti cal plate. Ra di a tion ef fect on mixed con vec tion along a iso ther mal ver ti cal plate were studied by Hossain et al. [2] . Raptis et al. [3] stud ied the ef fects of ther mal ra di a tion and free con vection flow past a mov ing ver ti cal plate. The gov ern ing equa tions were solved an a lyt i cally. Das et al. [4] have an a lyzed ra di a tion ef fects on flow past an im pul sively started in fi nite iso ther mal ver ti cal plate.
The ef fect of a chem i cal re ac tion de pend whether the re ac tion is ho mo ge neous or heter o ge neous. This de pends on whether they oc cur at an in ter face or as a sin gle phase vol ume reac tion. In well-mixed sys tems, the re ac tion is het er o ge neous, if it takes place at an in ter face and ho mo ge neous, if it takes place in so lu tion. Chambre et al. [5] have an a lyzed a first or der chem i -cal re ac tion in the neigh bor hood of a sta tion ary hor i zon tal plate. Das et al. [6] have stud ied the ef fect of ho mo ge neous first or der chem i cal re ac tion on the flow past an im pul sively started in finite ver ti cal plate with uni form heat flux and mass trans fer. Again, mass trans fer ef fects on moving iso ther mal ver ti cal plate in the pres ence of chem i cal re ac tion stud ied by Das et al. [7] . The dimensionless gov ern ing equa tions were solved by the usual Laplace-trans form tech nique and the so lu tions are valid only at lower time level.
The flow of a vis cous, in com press ible fluid past an in fi nite iso ther mal ver ti cal plate, os cil lat ing in its own plane, was solved by Soundalgekar [8] . The ef fect on the flow past a ver tical os cil lat ing plate due to a com bi na tion of con cen tra tion and tem per a ture dif fer ences was stud ied ex ten sively by Soundalgekar et al. [9] . Ra di a tion ef fects on the os cil la tory flow past verti cal in the pres ence of uni form tem per a ture an a lyzed by Mansour [10] . The gov ern ing were solved by per tur ba tion tech nique. The ef fect of mass trans fer on the flow past an in fi nite ver ti cal os cil lat ing plate in the pres ence of con stant heat flux has been stud ied by Soundalgekar et al. [11] . Muthucumaraswamy [12] stud ied ther mal ra di a tion ef fects on ver ti cal os cil lat ing plate in the pres ence of vari able tem per a ture and mass dif fu sion.
It is pro posed to study chem i cal re ac tion and ther mal ra di a tion ef fects on un steady flow past in fi nite iso ther mal ver ti cal os cil lat ing plate with vari able mass dif fu sion. The dimensionless gov ern ing equa tions are solved us ing the Laplace trans form tech nique. The so lutions are in terms of ex po nen tial and com ple men tary er ror func tion. The pres ent study will be found use ful in the de sign of space ships.
Math e mat i cal for mu la tion
Ther mal ra di a tion ef fects on un steady flow of a vis cous in com press ible fluid past an in fi nite iso ther mal ver ti cal os cil lat ing plate with vari able mass dif fu sion is stud ied. Here the unsteady flow of a vis cous in com press ible fluid which is ini tially at rest and sur rounds an in fi nite ver ti cal plate with tem per a ture T 4 and con cen tra tion ¢ C 4 . Here, the x-axis is taken along the plate in the ver ti cally up ward di rec tion and the y-axis is taken nor mal to the plate. Ini tially, it is assumed that the plate and the fluid are of the same tem per a ture and con cen tra tion. At time t' > 0, the plate starts os cil lat ing in its own plane with fre quency w' and the tem per a ture of the plate is raised to T w and the con cen tra tion level near the plate is raised lin early with re spect to time. The fluid con sid ered here is a gray, ab sorb ing-emit ting ra di a tion but a non-scat ter ing me dium. It is also as sumed that there ex ists a ho mo ge neous first or der chem i cal re ac tion be tween the fluid and spe cies con cen tra tion. Then by usual Boussinesq's ap prox i ma tion, the un steady flow is gov erned by the fol low ing equa tions:
(1)
In most cases of chem i cal re ac tions, the re ac tion rate de pends on the con cen tra tion of the spe cies it self. A re ac tion is said to be of the or der n, if the re ac tion rate is pro por tional to the n th power of the con cen tra tion. In par tic u lar, a re ac tion is said to be first or der, if the rate of re action is di rectly pro por tional to con cen tra tion it self.
With the fol low ing ini tial and bound ary con di tions: 
The lo cal ra di ant for the case of an op ti cally thin gray gas is ex pressed by:
It is as sume that the tem per a ture dif fer ences within the flow are suf fi ciently small such that T 4 may be ex pressed as a lin ear func tion of the tem per a ture. This is ac com plished by expand ing T 4 in a Tay lor se ries about T 4 and ne glect ing higher-or der terms, thus:
By us ing eqs. (5) and (6), eq. (2) re duces to:
The dimensionless quan ti ties are de fined as: 
Pr , , , (1) to (4), leads to:
The ini tial and bound ary con di tions in non-di men sional form are: 
All the phys i cal vari ables are de fined in the no men cla ture. The so lu tions are ob tained for hy dro dy namic flow field in the pres ence of ther mal ra di a tion and chem i cal re ac tion. The eqs. (9) to (11) , sub ject to the bound ary con di tions (12) , are solved by the usual Laplace-trans form tech nique and the so lu tions are de rived as fol lows: In or der to get the phys i cal in sight into the prob lem, the nu mer i cal val ues of U have been com puted from eq. (15). While eval u at ing this ex pres sion, it is ob served that the ar gu ment of the er ror func tion is com plex and, hence, we have sep a rated it into real and imag i nary parts by us ing the fol low ing for mula: 
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Re sults and dis cus sion
In or der to get a phys i cal view of the prob lem the nu mer i cal val ues of the ve loc ity, tem per a ture and con cen tra tion for dif fer ent val ues of the phase an gle, ra di a tion pa ram e ter, magnetic field pa ram e ter, Schmidt num ber, and time. The pur pose of the cal cu la tions given here is to asses the ef fect of dif fer ent wt, K, R, Sc, and t upon the na ture of the flow and trans port. The Laplace trans form so lu tions are in terms of ex po nen tial and com ple men tary er ror func tion.
The tem per a ture pro files are cal cu lated for dif fer ent val ues of ther mal ra di a tion param e ter (R = 2, 5, 7, 10) from eq. (13) and these are shown in fig. 1 for air (Pr = 0.71) at time t = = 0.4. The ef fect of ther mal ra di a tion pa ram e ter is im por tant in tem per a ture pro files. It is observed that the tem per a ture in creases with de creas ing ra di a tion pa ram e ter.
Fig ure 2 dem on strates the ef fect of the con cen tra tion pro files for dif fer ent val ues of the chem i cal re ac tion pa ram e ter (K = 2, 5, 10), Sc = 0.6, and time t = 0.4. It is ob served that the con cen tra tion in creases with de creas ing chem i cal re ac tion pa ram e ter. Fig ure 3 rep re sents the effect of con cen tra tion pro files at time t = 0.4 for dif fer ent Schmidt num ber (Sc = 0.16, 0.3, 0.6, 2.01), and K = 2. The ef fect of con cen tra tion is im por tant in con cen tra tion field. The pro files have the com mon fea ture that the con cen tra tion de creases in a mono tone fash ion from the surface to a zero value far away in the free stream. It is ob served that the wall con cen tra tion increases with de creas ing val ues of the Schmidt num ber. The con cen tra tion pro files for dif fer ent time (t = 0.2, 0.4, 0.6, 1), Sc = 0.6, and t = 0.2 are shown in fig. 4 . The trend shows that the wall con cen tra tion in creases with in creas ing val ues of the time.
The ve loc ity pro files for dif fer ent phase angles (wt = 0, p/4, p/3, p/2), R = 10, K = 4, Gr = = 2, Gc = 2, Sc = 0.6, Pr = 0.71, and t = 0.2 are shown in fig. 5 . It is ob served that the ve loc ity in creases with de creas ing phase an gle wt. Figure 6 il lus trates the ef fect of the ve loc ity for dif fer ent val ues of the re ac tion pa ram e ter (K = = 0.2, 7, 20), wt = p/4, R = 5, Gr = 5, Gc = 5, Sc = 0.6, Pr = 0.71, and t = 0.4. The trend shows that the ve loc ity in creases with de creas ing chem i cal re ac tion pa ram e ter. creases grad u ally with re spect to time t. The ve loc ity pro files for dif fer ent ther mal Grashof num ber (Gr = 2, 5), mass Grashof num ber (Gc = 2, 10), wt = p/4, K = 7, R = 2, Sc = 0.6, Pr = = 0.71, and time t = 0.2 are shown in fig. 9 . It is clear that the ve loc ity in creases with in creas ing ther mal Grashof num ber or mass Grashof num ber.
Con clu sions
An ex act anal y sis is per formed to study ther mal ra di a tion ef fects on un steady flow past an in fi nite iso ther mal ver ti cal os cil lat ing plate, in the pres ence of vari able wall con cen tra tion. The gov ern ing equa tions are solved us ing Laplace trans form tech nique. The con clu sions of the study are: -the velocity increases with decreasing phase angle wt and radiation parameter R, -the wall concentration increases with decreasing Schmidt number, -the temperature decreases due to high thermal radiation, and -the leading edge effect is not affected by the oscillation of the plate. No men cla ture 
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A -constant, [-] a* -absorption coefficient, [m -1 ] C' -concentration, [kgm -3 ] C -dimensionless
